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Phase Analysis Algorithm for Adaptive Objects

ToMmi0O KAMADAT and MASAHIRO YASUGIH

For parallel/distributed programs, precise information about object access pattern is im-
portant to eliminate synchronization bottlenecks or utilize cached field data for distributed
objects. To apply these optimization techniques, the programmer has to prepare careful syn-
chronization code without support of compilers. Our goal is to realize adaptive objects that
can automatically and adaptively adopt suitable synchronization optimizations. We intro-
duce the concept of calculation phases to treat changes of program behavior characteristic.
The programmer can describe about the program phase declaratively using phase variable,
and the system analyzes the characteristic of each calculation phase to prepare specialized
execution code for each phase. This paper proposes the phase analysis that analyzes possible
execution phases for each code block and possible phase transitions. As these two types of
information depend on each other, we need global analysis to fix these information. We adopt
a two stepped algorithm for efficient analysis. First, it analyzes each method independently
to collect possible execution phase information, and secondly it fixes possible phase transition
using the analyzed result of the first step. We have applied this analyzer for relaxation of
mutual exclusion, and evaluated the effectiveness of our approach.
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class BinTree {
int key;
volatile BinTree left, right;

void insert(int k) {
synchronized (this) {
if (k < key) {
/* left case */
if (left != null)
left.insert (k) ;
else
left = new BinTree(k);
} else { /* right case */ }
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Fig.1 Binary Tree (Example Code).

void imsert(int k) {
if (k < key) {
/* left case */
label:while(true) {
if (left != null)
left.insert(k);

else {
synchronzied (this) {
if (left != null) continue label;

left = new BinTree(k);

break;

}
} else { /* right case */ }

02 20000000000
Fig.2 Binary Tree (Optimized Code).
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class BinTree {
class ChildState extends /¥o0oog */
Phase { Empty,Full };
ChildState Istate = Empty; /¥0000oo */
ChildState rstate = Empty;
int key;
BinTree left, right;
/¥ consistent OO0 OO */
consistent void insert(int k) {
if (k < key) { /* left case */
if (Istate.is(Full) ) /* 00000000 */
left.insert(k);
else {
left = new BinTree(k);
Istate.become(Full); /¥*ooooo */

}
} else { /* right case */ }

03 00O0OO0oopoooz20000
Fig.3 Binary Tree (Using Phase Variables).
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Fig.4 Analyzed Phase Information.
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void func() { /* Bl */
while(true) {
; /* B2 */

::Lé.(i}’)hase.is(Q)) break; /* B3 x/
synchronized(this) {

if(...) { /* B4 */
m(); /* B5 x/

} else {
phase.become (R) ; /* B6 *x/
y o ; /* BT */
) } /* B8 x/
return; /* B9 x/

05 0D0O0OO0O0ODOOODOO
Fig.5 Sample Program for Phase Analysis.
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Fig.6 Analyzing Phase Information (Final Step).
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Fig.7 Analyzing Phase Information (First Step).
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(a) IntraMethod Analysis

for Istate Empty: Ce, Full: Cf
Empty: Ce, Full: Cf

B7:if rstate
B10: new
Tree()

Empty:

Ce(E-10->E)
or Cf(F-10->E)

Empty: Ce, Full: Cf

Empty: false,
Full: Cf

Empty: Ce, i
Full: false Empty: Ce
Full: Cf

Empty: Ce
Full: Cf

B1: if Istate

B4: new
Tree()
B2: Istate. Empt B8: Istate.
insert() mpty: insert()

Ce(E-4>E)

y Full:

| A P

Empty: B5: Istate. Empty: Ce(E-10->F)
Cf(F-2->E) become(F) Ce(E-8->E) or Cf(F-10->F)
Full: or Cf(F-8->E) B11:rstate.
Cf(F-2->F) Full: become(F)

Ce(E-8->F)

Empty: false or Cf(F-8->F)

Full: Ce(E-4>E)

B12:ret
or GO(EASF) [Bizireturn |

[E-s->F]: Ce(E-4->E)

(b) After Analysis Empty, Full
for Istate Empty, Full
Empty, Full

B1: if Istate
B2: Istate.
insert()

Full

B4: new
Tree()

B5: Istate.
become(F)

08 20000000000
Fig.8 Analysis of Binary Tree Program.
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class Node {
class MyState extends Phase
{CLeaf, CPartial, CFull, Mass, Acc};
internal MyState mystate = CLeaf;

/+ 0000 %/

consistent Node children(int i) { ...
consistent void setChildren(int, Node) { e
void makeChild(...) { ...; setChildren(...);

/+ 00000000000 =/
Node(...) { /* field DOODOO =*/ }

consistent void insert(..... ) {// 0000
if (mystate.is(CFull)) {

} else if (mystate.is(CPartial)) {
if(...) mystate.become(CFull);

} else if(mystate.is(CLeaf)) {
mystate.become(CPartial); ...;

} else { throw new Error(); }

consistent void getCenterMass(CenterInfo) {
// 0000000
assert (! (mystate.is(Acc) | Imystate.is(Mass)));
mystate.become(Mass); // 000000
r.n}.rét’:ate.become(Acc); // 000000

consistent void calAcc(Particle) { //
assert (mystate.is(Acc)); // 000

-
}

oooo
oooo

.o

09 NOOOODOOooOooOOo
Fig.9 Analysis of N-Body Problem Program.
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class VectorCustomA extends Vector {
class PhaseA extends Phase {P0O, P1};
PhaseA phase = PO;

synchronized void put(Object obj) {
assert (phase.is(P0));
super.put (obj);

synchronized void becomeStable() {
phase.become (P1) ;

010 0000000
Fig.10 Differential Programming for Phase Information.
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